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Abstract. FMD was notified in 1999 following the appearance of several 
outbreaks in Algeria. Since then, Algeria has regularly vaccinated cattle, but this did not 
prevent the reintroduction of the disease in 1014. Since then, outbreaks have been 
regularly declared across the country. Our study looks at the occurrence of outbreaks in 
the district of Ghardaïa during the period August 2018 to April 2019 where symptoms 
were observed in cattle and small ruminants. The aim of this work  is to study the factors 
that condition the survival of FMDV such as season, average temperature, relative 
humidity or type of farming.  Our results show that, the greatest number of outbreaks 
was notified between December and February. Number of outbreaks was more observed 
during the winter, when average temperatures recorded vary between 12°C and 14°C 
because low temperatures allow the survival of the virus in aerosol at 20°C. The results 
show also that the high number of outbreaks was observed at relative humidity (RH) 
levels around 54%. The intensive mode leads to an increase in contagiousness and 
consequently to the explosion of outbreaks expressed by a rate of 91.5%.  Regarding the 
mortality rates, the results obtained showed that no mortality (0%) was observed in 
cattle, while it has been registered in sheep with a rate of 58.3% and 22.6% in goats. 
Concerning vaccination, cattle and small ruminants were vaccinated while sheep and 
goat were never vaccinated against FMD in the past. 




     
  Foot and mouth disease (FMD) is a highly contagious and transboundary 
disease with devastating economic repercussions for the farmer (Reid et al., 2006) by 
mortalities, abortion and milk losses (Diab et al., 2019). The impact of FMD is its 
effect caused by trade’ restrictions (Yang et al., 2015; Diab et al., 2019). All cloven-
hoofed animals as cattle, sheep, goat and pigs are sensitive to the disease.  FMD 
affects also wild ruminants and suidae while camels are low sensitive (Couacy 
Hyman. 2006).  Vaccination, slaughtering and controlled movements of infected 
animals are the important way to control the disease (Yang et al., 2015). 
Agricultura                                                                               no. 1 - 2 (117-118)/2021                                                                                     Agriculture  
- 95 - 
         Foot and mouth disease occurred in Algeria in 1999 (OIE.1999), application of 
regularly national vaccination program lead to obtain the status “country free for 
FMD by vaccination” in 2012. Unfortunately, FMD reoccurred in 2014 following the 
fraudulent introduction of fattening bulls. Despite the initiation of vaccination, the 
virus is still circulating. This study describes and analyzes the appearance of FMD in 
the district of Ghardaïa during the year 2018-2019 when cattle and small ruminants 
expressed signs of the disease. 
 
MATERIAL AND METHODS 
           Study area 
The study was carried out in the Ghardaïa region. The district is located in the 
center of the northern part of the Algerian Sahara, 600 km from Algiers and covers 
an area of 86.560 km² (Figure 1). 
 
Figure 1. Situation of Ghardaia district on Map of Algeria (source: ANDI) 
 
Three geographic areas characterize the area. The great Eastern Erg; real sea 
of sand or   dunes reaching a height of 200 meters. The second zone is represented 
by the Hamada, made up of a stony plateau and sparse vegetation composed mainly 
of cedars. The third zone is represented by the M’Zab valley. 
The climate Ghardaïa is characterized by a hot, long summer and a mild winter, 
short with hot days and cold nights. Rain is extremely rare and generally falls in 
autumn and winter. Despite the fundamental character of the Saharan climate, known 
for the dryness of the air, micro-climates play a considerable role in the desert. 
The district of Ghardaïa has a herd of 362,000 sheep, 158,000 goats, 4,000 
dairy cows and 1.1350 camels. 
Data collection and analysis 
Statistical data relating to outbreaks of FMD declared during the year 2018-
2019 were collected from the directorate of veterinary services of the district of 
Ghardaïa. 
Descriptive statistical analysis was performed using SPSS version 20 software. 
Chi-square test was realized to analyze the different variances. Data were expressed as 
percentage or mean. The results were considered significant when P<0.05 
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RESULTS AND DISCUSSION 
A total of twenty-three (23) outbreaks were declared between August 2018 to 
April 2019. 
Evolution of focies  during outbreaks. The disease was first notified in the 
district of Ghardaïa during the month of August 2018. During the nine months of 
onset of the disease (Figure 2), the greatest number of outbreaks were declared in 
January 2019 (06 outbreaks), followed by December (04 outbreaks), and the month 
of February (03 outbreaks). Two outbreaks were reported during the months of 
August, October and November 2018 as well as during the month of March 2019. 
Only one outbreak was declared during the months of September 2018 and April 
2019. It therefore appears that FMD is rife almost all year round, which agrees with 
the observations of some authors (Adhikari et al. 2018). 
 
 
Figure 2. Distribution of outbreaks  
 
Thus the greatest number of outbreaks was observed during the winter period 
with a peak in January; this result is consistent with the work carried out by Adhikari 
and his collaborators (Adhikari et al. 2018) who observed the same phenomenon. On 
the other hand, our results do not agree with these same authors who observed peaks 
in the months of April and May when only one outbreak was recorded in the district 
during these months. 
Distribution of outbreaks according to mean temperature (MT) and 
relative humidity (RH). The virus circulated during different seasons, however the 
number of outbreaks was more observed during the winter, cold period (Figure 3), a 
result which joins other studies (Couacy-Hymann et al., 2006) because low 
temperatures allow the survival of the FMD virus. The average temperatures recorded 
vary between 12°C and 14°C, which is in line with the work of Holveck (Holveck. 
2002) who argues that the virus in aerosol remains infectious at 20°C. 
 On the other hand, no outbreak was recorded during May, June and  July; this 
would be due to the rise in temperatures during this period because the temperature 
reaches maximums while the virus remains infectious in the air until at 20°C 
(Holveck. 2002). Regarding the rest of the year when the outbreaks recorded are 
small, we can observe that the minimum temperature is 9.5°C while the maximum 
Agricultura                                                                               no. 1 - 2 (117-118)/2021                                                                                     Agriculture  
- 97 - 
temperature recorded is 41.7°C, which confirms that the survival of the virus is 




Figure 3.  Evolution of FMD regarding TM and HR 
 
Regarding the role of relative humidity (RH) of FMD outbreaks, the results 
show that the high number of outbreaks observed coincides with relative humidity 
(RH) levels around 54%. Four (04) outbreaks were recorded at an RH of 54.7% and 
six (06) outbreaks were recorded at a RH of 54.4%, which joins the work carried out 
previously; thus the virus survives at 55% RH, which allows it to infect susceptible 
animals and consequently contaminate the animals on the farm (Thiry and Baazizi, 
1999). Outbreaks have also been recorded at RH rates between 25.9% and 50.2%, 
which does not agree with the work of authors who argue that the virus does not 
survive at relative humidity below 55% (Thiry and Baazizi,1999). 
 Distribution of outbreaks according to farming method. The farming 
method practiced in this region is dominated by the extensive mode  (Figure 4) with 
a percentage of 69.5% while the intensive mode is practiced less with a percentage 
of 29.5%.  
Our results show that the intensive mode leads to an increase in contagiousness 
and consequently to the explosion of outbreaks expressed by a rate of 91.5%, this is 
explained by the promiscuity of animals therefore facilitating the contagion of 
animals in direct contact exploitation (Mahapatra et al., 2019) and indirect routes by 
airborne transmission  (Pacheco et al., 2016). 
For extensive breeding, there is an attack rate of 21.5%. This rate is low 
compared to the intensive mode, it can be explained by the distancing of the animals 
distributed in a large space even if the virus can be transported over long distances 
by the wind (Mahapatra et al., 2019., Donaldson and Alexandersen, 2002; Thiry and 
Baazizi, 1999). 
Our results do not, however, agree with other studies in which the extensive 
mode would be a risk factor in view of the sharing of water points which would be at 
the origin of viral transmission (Nyaguthii et al. 2019). 
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Figure 4. Outbreaks regarding breeding type 
 
In contrast, in intensive mode, the promiscuity of animals is due to viral 
transmission and a high risk of outbreaks, reflected by a contagiousness rate of 
91.5%, especially since foot-and-mouth disease is known for its highly contagious 
(Ranaweera et al. 2019; Krishna et al., 2019). 
Morbidity and mortality rate according to the affected species. According 
to these results (Figure 5), there is an attack rate of 98% in cattle, 7%  in sheep and 
2%  in goats. Regarding the mortality rates, the results obtained show that no 
mortality (0%) was observed in cattle, while other authors observed a rate of 3.6% 
(Adhikari et al., 2018) while it has been widely observed in sheep with a rate of 58.3% 
and a rate of 22.6% in goats. Cattle have a higher rate of attack than sheep and goats, 
which agrees with the authors who suggest that cattle are the most susceptible to FMD 
and are even indicative of infection. However, authors have shown that sheep are just 
as susceptible to viruses as cattle (Stenfeldt et al., 2019). 
The morbidity rate recorded in cattle is 98%, this result joins that of several 
authors who have argued that cattle are more sensitive to the virus, and the most 
frequently affected with a rate of 39% (Adhikari et al., 2018).  Morbidity can reach 
100% (Couacy-Hymann et al., 2006). 
No mortality (0%) was observed in cattle, this result joins that found by other 
authors who obtained the same results (Baazizi et al., 2019); Mortality is observed 
particularly in young cattle (Couacy-Hymann. 2006) and can be greater than 20% 
following myocarditis (Singh et al., 2019). 
Concerning small ruminants, the morbidity rate recorded in sheep and goats is 
7% and 2% respectively. Sheep were considered to be animals with low susceptibility 
to the disease and expressed it subclinically (Stenfeldt et al., 2019), other authors 
consider that sheep and goats, although very susceptible, express little disease and 
excrete little virus (Hadj Ammar and Kilani 2014). This explains the low rate of attack 
found in small ruminants. 
The mortality rate recorded in sheep is 58.3%, this rate is higher than that 
obtained by Baazizi and his collaborators who found mortality rate of 29% (Baazizi 
et al., 2019). 
2% of goats were infected when FMD had not been reported earlier in this 
P<0.05 
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species (Couacy Hymann 2006). On the other hand, this rate is lower than that found 
by (Adhikari et al., 2018) who found a rate of 19%. The death rate was estimated at 
22.6%. This result is high because the disease is generally sub-clinical and non-fatal 
in this species (Paton et al., 2014). 
 
 
Figure 5. Morbidity and mortality regarding species 
 
Mortality rate regarding age. The results obtained (Figure 6) showed that out 
of a total herd of 374 animals, all affected by FMD (93 cattle, 228 sheep and 53 
goats), 145 died from the disease corresponding to an overall mortality rate of 
(38.8%). 
 
Figure 6. Mortality according to age 
 
This rate is high because FMD is a highly contagious but low fatality disease 
(Knight-Jones et Rushton., 2013).Mortality is low in adults (6.9%) but very high in 
young animals (93.1%) (P<0.05), in fact, mortality generally concerns young animals 
following myocarditis (Arzt et al. 2011a) due to weaker immunity (Grubman and 
Baxt 2004). 
Clinical signs of FMD observed in outbreaks. Regarding the clinical signs 
observed (Figure 7) in the declared outbreaks, 50% of the animals expressed 
P<0.05 
P<0.05 
Agricultura                                                                               no. 1 - 2 (117-118)/2021                                                                                     Agriculture  
- 100 - 
hyperthermia between 40-41°C. These results are lower than those reported by 
authors where 70% of the animals showed fever (Baazizi et al., 2019). 
 
 
Figure 7. Principal clinical signs observed during outbreaks 
 
The discharge observed in animals (75%) is less important compared to the 
results recorded by other authors who observed these signs in 92% of cases (Baazizi 
et al., 2019). The drop in production was noted in all the animals (100%), joining 
previous work. Thus, FMD leads to retention mastitis in cattle, ultimately leading to 
a definitive reduction in milk secretion (Holveck. 2002). All of the animals (100%) 
in the outbreaks showed lameness; this rate is much higher than that observed authors 
(Baazizi et al, 2019) estimated at 62% (photos 1, 2). 
 
  
Photo 1: Vesicle on foot in goat                     Photo 2: Vesicle on foot in sheep                     
(Baazizi, 2018) 
 
A low overall abortion rate (3.2%) was found in this study, observed by other 
authors when the gestation stage is advanced (Singh et al., 2019); while other authors 
have not found any cases of abortion (0%) (Baazizi et al., 2019). 
Sanitary measures applied. All the outbreaks have been declared to the 
authorities because the FMD is an obligatory notification disease (MRLC) and 
animals treated with antibiotics (Figure 8). However, it appears that disinfection was 
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applied in only 30% of focies. 
 
 
Figure 8. Applied sanitary measures 
 
This poses a real risk because the virus remains alive in the air and on surfaces 
and thus allows the maintenance of the infection on the farms and the region (Paton 
et al., 2014). No slaughter has been applied while infected animals in outbreak excel 
the virus. This constitutes a significant risk because the virus living in the air 
contaminates the animals of the farm and those of neighboring farms (Thiry and 
Baazizi, 1999).  
Vaccine coverage in the study area. Following the onset of FMD, the medical 
prophylaxis plan was initiated. Vaccination concerned all cattle and sheep around the 
outbreaks. The vaccination rate (Figure 9) applied in cattle has reached 75%, which 
is acceptable to ensure an immune mattress. However, only 15% of sheep were 
affected by immunization (P<0.05). In the past, small ruminants were not affected by 
foot-and-mouth disease vaccination in Algeria, although these animals constitute a 
potential epidemiological danger because they can contribute substantially to the 
spread of the virus and the explosion of outbreaks (Stenfeldt et al., 2019). 
 
 
Figure n°9. Vaccination rate (2018) 
 
The systematic inclusion of small ruminants in the vaccination program in 
Algeria would surely help to reduce and better control the disease, although this has 
been questioned in countries previously free from epizootics (Stenfeldt et al., 2019). 
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Even if vaccination is applied, it should be remembered that it does not protect 
against a persistent infection leading to the appearance of sub-clinical infections. The 
role of persistently infected animals in the evolution and ecology of foot-and-mouth 
disease remains controversial (Biswal et al 2019). Control of FMD remains difficult 
when the virus remains circulating in vaccinated animals (Singh et al., 2019). 
In order to manage the health crisis, the authorities closed the livestock markets 
in the district of Ghardaia, banned movements that constitute a great risk of 
contamination and spread of FMD by the different modes (direct contact, air, inert 
supports, vehicles) and the orientation of susceptible animals to slaughterhouses 
under draconian conditions. However, the animals present in the outbreaks which did 
not show signs were not slaughtered, which is a source of contagion and a spread of 
the virus to other holdings. Even if the financial means are lacking, the maintenance 
of susceptible animals which have been in contact with excretory animals in the farms 
is a real risk factor which maintains the circulation of the virus, the contamination of 




The study carried out shows that despite the introduction of vaccination for 20 
years, foot-and-mouth disease seems to be established in Algeria. Its spatio-temporal 
footprint has spread widely even though the disease is not known to be confined to 
one or a few area (s). FMD is now present in small ruminants which clinically express 
the disease while expressing the disease only discreetly. While cattle are the telltale 
signs of FMD, small ruminants appear to play an important role in maintaining 
infection. Vaccination mainly concerns cattle in Algeria, whereas small ruminants 
are vaccinated only in perifocal areas supporting the epidemiological role of this 
species. As for the immunization of animals, the coexistence of the multiplicity of 
serotypes and quasi-species could be the cause of vaccine failures. 
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